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Small workshop with sufficient time for discussions

https://indico-tdli.sjtu.edu.cn/event/1696/



3

Kim Siang KhawThe Era of Anomalies

Field of particle physics is riddled with anomalies.
How can anomalies shed light on the path to observation of BSM? 
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Definition of Anomaly
• The global significance of the deviation should be at least three 

standard deviations (3𝜎), after the application of trials factors

• The experimental signature should include more than one final 
state or be observed by more than one independent experiment 

• The deviation should be described by a theoretically robust 
model with a confidence level better than two standard 
deviations (2𝜎) and that does not contradict the wealth of 
existing constraints from particle physics
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Kim Siang KhawNew World Average

Impressive reduction of systematics
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Experiment / Theory Comparison
Kim Siang Khaw
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Yuichiro Nakai



The W mass Chris Hays 

Are we dealing with a 
Tevatron/LHC discrepancy?



9Are we dealing with a Tevatron/LHC discrepancy in the top mass measurement too?

Yong Du
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Yong Du

Light new physics accessible at the e+e- 
collider give plausible explanations 



Ø light electroweakinos 

Ø light sleptons 

Ø light stop

Most hopefully accessible 

at LHC 

•  SUSY confronted with DM: ok

•  Can SUSY explain muon g-2 and W-mass ？

•  SUSY confronted with LHC:  ok 

CMSSM, mSUGRA, GMSB, AMSB: need to be extended 
MSSM: ok

Jin Min Yang
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𝑏→𝑠ll measurement of 𝜇/e ratio is SM-like.
𝑏 →𝑠𝜇𝜇 measurements show consistent pattern of SM deviation. 

Da Yu Tou
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Tobias Hurth
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Where are we now and hot to verify the ISB Model

If the deviation of the W mass is true, we may expect the 
measured Z mass from LHC to be lower than LEP

Yaquan Fang
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Signs of New Bosons
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Michael Ramsey-Musolf, CEPC2023 Opening Talk
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Let’s address the Big Elephant in the room
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ATLAS, Phys.Lett.B 710 (2012) 49-66

125 GeV Criterion 750 GeV
YES Multiple final states NO
YES Indirect evidence NO
YES Theoretical motivation and explanation ?

The 750 GeV excess had several red flags from inception
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Junquan Tao
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Junquan Tao



21

Junquan Tao



95 Combination

3.8 global significance

• Use LEP to reduced the mass range and thus the
look-elsewhere effect, fit with 3DoF

• No ATLAS signal in ττ; significance reduced

2306.17209

Andreas Crivellin
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Sven Heinemeyer



Multi-lepton Anomalies à150 GeV Boson
• Deviations from the SM predictions in LHC 
processes involving two or more leptons, with and 
without (b-)jets

• 1711.07874 found mS=150±5GeV

Page 14

Statistically significant, motivate new EW scale scalars

A.C., B. Mellado, arXiv:2309.03870
Buddenbrock et al. 
arXiv:1901.05300
O. Fischer et al. arXiv: 
2109.06065

Andreas Crivellin



152 GeV Combination

4.9 global significance

•Run 1 indications for a new scalar (1711.07874) 
motivate the combination but are NOT included

Andreas Crivellin

arXiv:2306.17209



Singlet S’(95)+Triplet S(152) Model

Independent, but consistent with 152GeV excess

• S’(95): Singlet
decays 
dominantly 
to bb 

• S(152):Triplet 
with Y=0,
motivated by 
the W mass
decays dominantly to 
WW

• Agreement with 95→γγ 
signal strength

𝑆 152 → 𝑊𝑊

𝑆′ 95 → 𝑏𝑏

Andreas Crivellin

From the multi-lepton anomalies

arXiv: 2308.07953
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𝑆 152 → 𝑊𝑊

𝑆′ 95 → 𝑏𝑏

Potential contributor to multi-lepton anomalies at the LHC

Source of leptons

Source of b-jets

Also could provide the indirect support for the 95 GeV candidate



A plea for a 650 GeV Boson

qWith RUN2 data there has been growing evidence for a wide resonance 
with M=650 GeV and  Gtot=100 GeV

qHistorically this work started in 2018 1806.04529 with the mode ZZ, 
confirmed by 2103.01918, then came WW 2104.04762 and h(95)h(125) 
HIG-21-011 

qNote in passing the connection between h(95) and H(650)

qPutting them together, one reaches 6 s.d. global (Fisher method)

qQuestion: how to interpret this resonance in the context of existing 
phenomenology ?

qCaveat : we cannot exclude that it is a tensor (GKK of the RS type etc…)

Francois Richard

https://arxiv.org/abs/1806.04529
https://arxiv.org/abs/2103.01918
https://arxiv.org/abs/2104.04762
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Impact on Future 
e+e- Colliders
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Manqi Ruan
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Manqi Ruan

Conclusive observation of a 95 GeV state in e+e- collisions
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Hao Zhang 
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Sven Heinemeyer

Emergence of new 
physics at the EW 
naturally impacts h(125) 
couplings.

These will be measured 
with high accuracy at 
Higgs factories 



34e+e- accelerator is central to resolving where the W mass stands

Hao Zhang 

Superior 
precision in the 

W mass 
measurement at 

the CEPC
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The e+e- Collider

Discovery machine 
through precision and 

direct observation at the 
EW Scale

Muon 
g-2

W 
Wass

Top 
Mass

Z 
Pole

95 
GeV

152 
GeV

Anomalies in Particle Physics are 
indicative of unique discovery 

opportunities at the EW scale for future 
e+e- accelerators  

h(125) 
coupling
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Additional Slides
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Two Parameters for ISB Model and the Relation with 
the Dark Matter and Dark Energy 

Yaquan Fang
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Yuichiro Nakai
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Anomaly detection with Machine Learning
Analysis strategy Rui Zhang
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Rui Zhang
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Andrew Fowley

One has to be mindful of 
the features inherent to 

“Harking”
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Sven Heinemeyer

Ellipses represent the 
68% CL of individual 
measurements


